Summary. Two experiments involving 24 and 54 Australian Merino ewes were conducted in which the establishment of a cervical population of spermatozoa and several endocrinological events were studied after several regimens for the synchronization of oestrus. Intravaginal sponges impregnated with 500 mg (Exp. 1) or 200, 400 or 600 mg (Exp. 2) progesterone resulted in the maintenance of plasma progesterone concentrations of 1\ m=. \ 5\ p=n-\ 4\ m=. \ 9 ng/ml over a 12-day insertion period compared with 1\ m=. \ 9\ p=n-\ 6\ m=. \ 9 ng/ml during dioestrus in control ewes. In Exp. 1 basal concentrations of \m=l e\0\m=.\25 ng/ml plasma were attained by 4 h after sponge withdrawal and this decline was much more rapid than in normal luteolysis. This was associated with fewer spermatozoa recovered from the cervix 2 h after insemination, and PMSG had no significant effect. In Exp. 2 injection of a supplementary dose of progesterone at sponge withdrawal resulted in a rapid increase in plasma progesterone concentrations followed by an equally rapid decrease and an attenuation of the rise in plasma oestradiol-17\g=b\, the LH surge, and the onset of oestrus. The numbers of spermatozoa recovered 4 h after insemination were not increased, and PMSG had no significant effect. Two factors were significant, namely the dose of progesterone in the sponge (600 mg > 400 or 200 mg, P < 0\m=.\05) and stage of oestrus when inseminated (mid-or late oestrus > early). The data demonstrated that an adequate dose of progesterone/progestagen incorporated into intravaginal sponges and accurate timing of insemination relative to the LH surge are the most important factors involved in penetration of the cervix by spermatozoa.
Introduction
It has been a common experience that fertility of ewes treated with intravaginal progestagens for the control of time of ovulation and oestrus is lower than that of ewes with a natural oestrus, particularly after artificial insemination (Robinson, Moore, Lindsay, Fletcher & Salamon, 1970) . This has been attributed to an impairment of sperm transport through the cervix (Quinlivan & Robinson, 1969; Hawk & Conley, 1975; Hawk & Cooper, 1977) . Dose of progestagen absorbed, which is affected by the method of impregnation of the sponge (Robinson, Quinlivan & Baxter, 1968) , affects subsequent fertility and this is associated with the numbers of spermatozoa in the oviducts 24 h after insemination (Allison & Robinson, 1970) . Subsequently, Croker, Robinson & Shelton (1975) showed that the numbers of spermatozoa recoverable from the cervix 2 h after insemination were highly correlated with the numbers in the oviducts at 24 h. They concluded that, largely because of the absence of zero values, counts of numbers of spermatozoa recoverable from Quantitative and temporal relationships between several endocrinological events in cyclic and synchronized ewes have been studied in several laboratories (e.g. Goding et al., 1969; Cumming et al., 1970 Cumming et al., , 1973 Cognie & Pelletier, 1970;  Cognie, Hernandez-Barreto & Saumande, 1975 Searle; 17a-acetoxy-9a-fluoro-llß-hydroxypregn-4-ene-3,20-dione), the synthetic steroid most widely used in intravaginal sponges, all information on rates of absorption, and presumptive concentrations in plasma have been based on data on residues in sponges estimated by gasliquid chromatography (e.g. Morgan, Lack & Robinson, 1967) . Sponges impregnated with 500 mg progesterone are as effective as are 30 mg fluorogestone acetate sponges, at least in some cir¬ cumstances (see Gordon, 1983) , and so progesterone-impregnated sponges were used in these experiments. (Bangham & Woodward, 1966 (Salamon, 1976) Spermatozoa were recovered by the methods described by Allison (1972) and Lightfoot & Salamon (1970) Thorneycroft & Stone (1972) with minor modifications. The antiserum was raised in a male rabbit by injection of a progesterone-11-bovine serum albumin conjugate. Cross-reaction with 17ct-hydroxyprogesterone was 3-4% and with other steroids was 1 % or less.
Materials and Methods

Experimental animals
Progesterone (Batch V-48, Searle, Coapa, Mexico City, Mexico) was used to prepare standards in charcoal-stripped plasma of spayed ewes. Samples or standards of 0-2 ml plasma were extracted with 2 ml hexane. After freezing the aqueous phase the hexane was decanted and evaporated under nitrogen at 45°C. All tubes received 0-2 ml phosphate buffer (0-1 M, pH 70) to redissolve the extract. Antiserum (0-1 ml, 1:16 000 final dilution) and [1,2,6,7-3H] progesterone ( 10 000 d.p.m./ 0-1 ml; 18pg) diluted in buffer were added. The contents were mixed on a vortex mixer and incubated overnight at 5°C.
Dextran-coated charcoal (0-4% in phosphate buffer, 0-8 ml) was used to separate bound and free fractions. The supernatant containing the antibody-bound fraction was added to 10 ml of a scintillant consisting of two parts toluene with 0-35% PPO (2,5-diphenyloxazole) and 001% POPOP (l,4-¿>/s(5-phenyloxazol-2-yl)benzene) and one part wetting agent (Teric X-10,1.C.I.). The radioactivity was counted in a liquid scintillation counter (Packard).
The bindings of buffer blanks and stripped plasma were not significantly different. The limit of detection of the assay was 50 pg/tube and the coefficients of variation for between-and withinassay variation were 9-6% and 5-3 + 0-7% for Exp. 1. and 7-6% and 71 ± 0-8% for Exp. 2.
Oestradiol-17ß. The method used was as described by Evans & Robinson (1980a) . The limit of detection of the assay was 5 pg tube. Three pooled plasma samples were run in each assay with oestradiol-17ß concentrations of 20 + 2, 34 + 3 and 61 + 10 pg. The coefficient of variation between assays was 15-1% and within assays was 6-1 + 0-8% (n = 8). LH. The solid-phase assay was as described by Evans & Robinson (1980b) . The procedure was identical except that all incubations took place at 37°C, and the antibody-coating incubation was 2h using a 1:40 000 dilution and label diluted to 220d.p.m./ml (0-1 ml, 0-3 ng LH). All samples were run in a single assay and within-assay variation was 10-8%. Progesterone concentration during the insertion ofintravaginal sponges Experiment 1. The plasma progesterone profiles were indistinguishable during the period of insertion of sponges impregnated with 5 or 10 ml ethanol, with mean values of 2-9 and 3-4 ng/ml. These were significantly lower than the mean of 4-1 ng/ml assayed during the luteal phase of the 8 ewes with a normal cycle (P < 005). Text- figure 1 shows the profiles to be biphasic (P < 0001).
Experiment 2. The mean plasma progesterone concentrations resulting from the 3 intravaginal sponge treatments were not significantly different. There was a linear decline with time (P < 0001) and a biphasic pattern (P < 001) with elevated concentrations midway through the period of insertion (Text- fig. 2 ). Mean values of 10 ng/ml occurred only on Day 12. The overall mean was 3-5 ng/ml. The mean peak concentration of plasma oestradiol-17ß was 6-9 pg/ml (Table 2 ). There was no effect of dose of progesterone in the sponge but the concentrations increased linearly with dose of supplementary progesterone (P < 0-01). Table 3 ).
LH concentrations rose from a range of 5-10 ng/ml to a mean peak of 40-6 + 2-4 ng/ml. The treatments variance for time of the LH surge after sponge withdrawal was significant (P < 0-05) but because of the incomplete data it was not possible to partition this between treatments. The mean time ( + s.e.m.) to the LH surge from basal progesterone concentration was 33-2 + 1-8 h. Other time relationships are shown in Table 4 . The mean intervals from the surge of oestradiol and time of detection of oestrus to the release of LH, 19-8 + 1-9 and 5-3 + 0-6 h, were unaffected by the previous progesterone treatment.
Ovarian response Experiment 1. The effect of PMSG on the sum of mature follicles and ovulations was significant (P < 001) while the apparent interaction between type of sponge and the number of ewes which had ovulated was not (Table 5) .
Experiment 2. All 51 ewes showed evidence of ovarian activity (Table 6) , with mature follicles, recent ovulations, or both; 14 had ovulated. The proportions which had ovulated were highest at the lowest dose of progesterone in the sponges (P < 005) and at the highest dose of PMSG (P < 0-01). Dose of supplementary progesterone had no significant effect, and there were no interactions.
The overall mean sum of mature follicles and recent ovulations was 1-5, and there was a linear increase with dose of PMSG (0, 1-1; 300 i.u., 1 -2; 600 i.u., 2-4; < 0001).
Spermatozoa recoveredfrom the cervix Experiment 1. Table 5 shows that significantly more spermatozoa were recovered after a normal oestrus than at a controlled oestrus ( < 002). There was no effect of PMSG but there was an The random distribution between treatments rendered possible an analysis of the effect of stage of oestrus. Ewes inseminated early yielded fewer spermatozoa than did those inseminated later (P < 005, Table 3 ) with the suggestion of a quadratic effect favouring ewes inseminated in mid-oestrus (P < 01). This was associated with a significant relationship between category of LH release and spermatozoa recovered. The group of 29 ewes in which the LH surge was not detected yielded fewer spermatozoa than did the 22 in which the peak was measured before oestrus (P < 005, Table 3 ). Associated with this was a higher incidence of ovulation (not detected 11/29, detected 3/22; < 005).
Discussion
Progesterone-impregnated sponges maintained mean plasma progesterone concentrations at levels which generally are accepted as normal for sheep (e.g. Thorburn, Bassett & Smith, 1969) (Robinson et ai, 1970 Evans & Robinson (1980a) . Although there was no measurable effect upon the time of onset of oestrus, time of ovulation was advanced as indicated by the numbers of follicles which had ovulated. There was no significant effect upon numbers of spermatozoa recovered, an observation in accord with that of Allison & Robinson (1970) .
The estimated mean numbers of spermatozoa recovered from each region of the cervix at 2 and 4 h after insemination were similar to those presented by Croker et al. (1975) Hawk & Conley (1975) and Hawk & Cooper (1977) for control and sponge-treated ewes. The relative differences between the two classes of ewes are identical.
The increase, in Exp. 2, of the interval from insemination to sperm recovery from 2 to 4 h was justified by the larger numbers of spermatozoa recovered from the cervices of treated ewes than in Exp. 1 and by increases from 62 to 81% and from 31 to 57% in the percentage of ewes from which spermatozoa were recovered in the mid-and caudal thirds of the cervix.
The relatively low numbers of spermatozoa recovered from the progesterone sponge-treated ewes could not be related to abnormally low plasma progesterone concentrations during the arti¬ ficial luteal phase. The conclusion is that the primary factor involved is the rapid decline in plasma progesterone concentration after sponge withdrawal and the consequent prolonged interval between progesterone influence and oestrus and insemination. This conclusion is supported by the observation of Hawk, Cooper & Pursel (1981) (1975) . The mean interval from peak oestradiol to the LH peak in those 22 ewes in which a peak was detected was 19-8 + 1-9 h compared with intervals of 11 + 3-4 h and 13 + 7 h for the non-lactating and lactating ewes of Cognie et al. (1975) , while that of 5-3 + 0-6 h from the onset of oestrus to the LH peak fell within the limits of 4 to 16 h observed by Goding et al. (1969 (1973) found the time between LH release and ovulation to be remarkably uniform in young or old Merino or crossbred ewes whether cyclic or synchronized, with ovulation occurring 21-26 h (mean 24 h) after the LH peak. They concluded that knowledge of the time of the LH peak had a greater predictive value of the time of ovulation than had the onset of oestrus. Given the 24-h interval to ovulation and the time needed to develop a large population of spermatozoa in the oviducts, it follows that insemination a few hours after LH release should provide the optimum interval for fertilization to occur. The results of Exp. 2 show that this is also the optimum time of insemination for the establishment of a cervical reservoir of spermatozoa, in that more were recovered from ewes in which a preovulatory surge of LH was detected before insemination than from those in which no surge was detected. This was not an artefact: 14 of the 29 ewes in which no LH surge was detected were inseminated within 6 h of detection of oestrus and so their LH surge probably was missed; they were inseminated relatively early while 9 of the 15 inseminated in mid-to late oestrus had ovulated by the time of slaughter, presumably experiencing an early release of LH relative to the time of detection of oestrus (Cumming et al., 1970) . This illustrates the import¬ ance of timing of insemination relative to that of endocrinological events as distinct from behavioural manifestations which are subject to variable social and management factors (Lindsay, 1966 
